Introduction
The functional-level definition of logistics refers to the forward and reverse flow and storage of goods in the supply chain, from the point of origin to the point of consumption, enabled by financial transactions and information. In the firm-level view, the role of logistics is expanded to an integrative and systemic support function. This role is performed through the application of trade-offs to determine optimal cost levels for the aggregate costs of transport, storage, related inventory carrying charges, and management and administration requirements, with the ultimate goal of conforming to customer requirements (Lummus, Krumwiede & Vokurka 2001; Stock & Lambert 2001) .
The concept of a supply chain focus expands the firm-level view of logistics to add the trade-offs between logistics costs and the other cost components of the firm, for example, purchasing, production and marketing costs, to enable the lowest total cost of ownership (Ellram & Siferd 1998) . The latter cost focus emerged as the lowest logistics (or transport) costs and might not lead to the lowest total cost of ownership. For example, the cost benefit of bulk purchasing discounts may be negated by higher inventory carrying and storage costs.
Evolutions within the supply chain discipline over the last two decades are taking these trade-offs one step further, that is, to have a value chain view where the cost trade-offs take place between multiple firms' value, creating processes to deliver superior customer value at less cost to the value chain as a whole (Christopher 2005) . The implementation is complex and much of the current research (Chakkol, Selviaridis & Finne 2018) shows that success is contingent on improved collaboration, transparency and risk-reward sharing agreements as core components of value chain management.
Background:
The components of national freight logistics costs are still optimised in isolation, instead of systemic optimisation between logistics and other supply chain elements. The risk is the tragedy of the commons effect, where a positive return for economic activities in isolation could lead to a negative collective result in the long-term. Therefore, there is a need to elevate the systemic view of logistics to the macroeconomic realm.
What emerges from the evolution of the logistics discipline described above is that logistics and supply chain management are typically defined from microeconomic perspectives, optimising firm-level logistics and other supply chain costs. However, the implications for the national economy are that firms and logistics service providers drive optimal logistics solutions within their specific contexts, without cognisance of the broader economic, environmental or social impact. The risk here is what is referred to as the tragedy of the commons, introduced by Hardin's (1968) seminal work, where he uses the example of herdsmen, each acting rationally based on self-interest, exploiting common grazing land by adding as many cattle as possible, until in the long run the carrying capacity of the land is exceeded. A positive return for each single economic actor in isolation, without accounting for the impact on the 'common good', could therefore lead to a negative collective result in the long-term. Only when all stakeholders are held accountable for the full cost of their choices will individual choices, influenced by this cost accountability, aggregate for the greater good.
From a different perspective, logistics on a business level (i.e. microeconomics) aims to reduce the total cost of ownership of supply chains. Ellram (1995 Ellram ( , 2002 describes this as the philosophy for understanding all the relevant supply chain-related costs of doing business with a particular supplier for particular goods or services, in order to enable trade-offs between supply chain cost components to identify the lowest total cost option. The concept of the total cost of ownership of economies does not differ from the total cost of ownership on a business level. Production factors on a macroeconomic level, such as natural resources, capital and labour (Lefevre 2016) , employed to produce the total output of an economy, that is, the gross domestic product (GDP), should be traded off in the most efficient configuration. The objective here would then be the systemic calculation of all resource costs required for sustainable freight logistics configurations to enable trade-offs against other macroeconomic production factors.
This provides a new perspective in the field of logistics. It requires a contribution of logistics to the national economy akin to that of business logistics, which is to develop systemic measurement tools to describe how different combinations of alternatives can bring about different results. The ultimate objective of this article is to describe the instrumentation required to execute this trade-off analysis on a national level, provide examples and initiate the process of developing a theory of macrologistics. It is also important to note that this is not an alternative term for trade. This systemic approach would be possible if a company does not trade at all and also if a country does not trade at all. It has to do with the interaction between supply and demand on a national level, which is impacted by infrastructure, policy and meso-level industry agglomerations.
Following from this perspective, the primary objective of this article is to further the development of the emerging field of macrologistics through its formal definition and the development of a quantification construct for macrologistics to support macroeconomic trade-off analysis. The secondary objective is to continuously illustrate the feasibility of the instrumentation outputs in addressing national-level logistics challenges.
In the next section, the role of macrologistics in the macroeconomy is defined, followed by a description of the methodology that supports the quantification of macrologistics. In the results section, the model outputs enable a succinct narrative of South Africa's macrologistics landscape, while the discussion section demonstrates how this understanding contributes to macrologistics management successes. Subsequently, global trends on both the supply-and demandside of logistics are discussed. As these trends mature, it is important to take cognisance of the relevant impacts in the instrumentation process. The concluding remarks summarise the research and highlight next steps.
Macrologistics

A macroeconomic discipline
The term 'macrologistics' is not new in the literature and some perspectives have already been documented, although limited and without a trade-off measurement dimension (which is at the heart of logistics). Gleissner and Femerling (2013) described macrologistics based on its components, namely the traffic system and infrastructure required to provide transport and warehousing. They expanded the view to what they call 'societal logistics', where the human element is included. Banomyong, Cook and Kent (2008) defined four components, that is, infrastructure, institutional framework, service providers and shippers of goods. An important addition of the latter study is the addition of the institutional framework (or policy) perspective. Skowroń ska (2013) also accentuated the policy and infrastructure dimensions of macrologistics and expanded the view towards the integration of peripheral areas, the standardisation of services and technologies and the strengthening of trade and industry. However, none of these studies provide the instrumentation required for logistics to demonstrate the discipline's relevance in the macroeconomic sphere. The objectives of this article advance the position of macrologistics as a macroeconomic discipline.
The backbone of all high-performing systems is management information (Fredendall & Hill 2001) . This holds true irrespective of whether the performance of businesses, industries or entire economies is at stake. The macroeconomic imperative for tracking the key components of national logistics costs lies in the fact that a more efficient logistics system is one of the key pillars to support sustainable economic growth. Zaman and Shamsuddin (2017) , for example, estimated that the timeliness of logistics has a significant impact on per capita income. Coto-Millán et al. (2016) However, this situation is not unique to South Africa, or even the developing world; globally, the macroeconomic shift towards strategic logistics management is still in its infancy. Tavasszy and De Jong (2014) lament the sluggish development of measurement tools to inform and evaluate freight transport policies, and ascribe this mainly to the failure of viewing transport and logistics as a component of public policy and national competitiveness. The only routine macromeasurement of country-level logistics performance is the World Bank's LPI. The LPI is a biennial worldwide survey of freight logistics operators, providing feedback on the logistics 'friendliness' of the countries in which they operate and those with which they trade, supplemented by quantitative data on the performance of key components of the logistics chain. While the LPI is a valuable benchmarking tool, the LPI measures performance at major international gateways and not logistics connectivity and performance in the domestic economy (World Bank 2016). The LPI is also survey based (Ruamsook 2009) and, moreover, self-assessment based (Su & Ke 2015) , which could lead to the fragility of the measurements. Lakshmanan and Anderson (2002) emphasise the need for performance-based research to clearly demonstrate the link between logistics infrastructure investment and economic growth in national economies. They appeal for indicators to inform the development of national logistics strategies and track performance of the macrologistics system against national strategies.
The development and application of measurement tools support the role of macrologistics in the macroeconomy through developing a narrative of the state of a nation's freight transport system and the drivers thereof. This enables the forecasting of freight flows, the exploration of alternative futures, the design of freight policies and systems informed by a chosen future, and the performance assessment of freight systems in meeting its design features (Tavasszy & De Jong 2014) .
The question remains why other macroeconomic indicators, such as inflation and interest rates, receive so much attention, when each of these indicators, in isolation, has a smaller cost impact on final products. The reason is that the systemic view of logistics has not yet been transposed to the national economy; currently, the focus is still on optimising national logistics costs components in isolation (e.g. roador rail transport), instead of looking for savings in systemic interactions between logistics and other supply chain elements. An increased investment, for example, in a port, will attract higher direct port costs, but could decrease the cost of transport, by reducing the unit cost of road transport as a result of faster truck turnaround time and the unit cost of maritime transport through faster ship turnaround times. This could also decrease the inventory carrying cost of inventory in transit by shortening the cashto-cash cycle. All of these can and should be measured on a national level.
In recent years, a growing number of countries have measured logistics costs as a percentage of GDP, working from the premise that competitive nations will spend less per dollar of GDP output than less-competitive nations. As a result of variable methodological approaches, meaningful comparisons between these measurements are often not possible (Rantasila & Ojala 2015) . Furthermore, what is still lacking is the ability to estimate the cost trade-offs between logistics costs elements on a national scale and the resulting impact on the macroeconomy, as well as the impact of macroeconomic events on logistics. The work by Rantasila and Ojala (2015) on the review of extant research in nationallevel logistics costs measurement is the most comprehensive yet. It is evident from their research that the overarching objective that has been achieved in many countries is the measurement of static logistics costs in order to develop indicators and develop policy. The work is based on more extensive research in Rantasila's (2013) doctoral thesis, which made great progress in this field, but activity-based data that enables flow level trade-offs are not yet present. Solakivi et al. (2018) recently took this work even further, attempting to focus on the measurement of insourced logistics activities on a national level (the difficult portion of national-level cost measurement), but the approach is still survey based and the absence of activity-based data will not enable trade-offs. The application of the freightflow and logistics costs models described in the methodology section enables an analysis of these trade-offs, which, in turn, enables a definition of macrologistics with the ultimate aim of advancing the understanding of the discipline's macroeconomic role.
For the purposes of this article, the objective of macroeconomic management is therefore defined as engineering the lowest total cost of ownership to the national economy through cost trade-offs between macroeconomic production factors and input costs (including economic, social and environmental costs). The role of macrologistics in macroeconomic management is defined as the estimation of sustainable freight logistics configurations on national and industry levels to enable macroeconomic trade-offs against other production factors. The development of the tools to enable this role is what is referred to as the instrumentation of macrologistics, as described in the next section.
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Methodology The instrumentation of macrologistics
The key driver of the instrumentation of macrologistics is the sufficient disaggregation of the national transportable economy on a spatial and commodity level to enable a detailed analysis of all the core components of the national freight system.
Modelling disaggregated national freight flows
The Freight Demand Model (FDM) is a demand-side model (i.e. it models the demand for freight transport), based on the national input-output table. The FDM estimates the national supply of and demand for commodities in geographical areas and translates these parameters into modal share through gravity modelling for 83 commodities between 372 geographical areas (356 magisterial districts, 8 inland border posts, 7 ocean ports and 1 airport), culminating in a 30-year forecast at 5-year intervals for three scenarios. The methodology was developed in 1998 and Transnet has been sponsoring the application of the methodology since 2006 (Havenga 2013) . Once freight flows have been modelled, they are aggregated into typologies to facilitate analysis and recommendations. The primary typology refers to the ring-fenced logistics systems that are by nature modemonopolistic, with flows typically known, that is, the bulk coal and iron ore exports, pipelines and conveyor belts. The competitive surface freight transport market refers to the corridor, metropolitan and rural freight-flow typologies. The modelled flows are calibrated with industry research and correlated with known freight flows. The model is a hybrid, utilising actual and modelled data, allowing for a more comprehensive analysis of the system under analysis (Islam & Sardar 2007) . Correlation with the national inputoutput table ensures that traffic volumes are not over-or underreported (Liu, Li & Huang 2006) . The model has since been applied to all 17 countries of sub-Saharan Africa and India (Simpson, Havenga & Aritua 2016) . These applications cover both wide geographical areas and large economies, and it is believed that a wider application could be possible. The possibility of completing models for Vietnam and China is currently being investigated.
Calculating logistics costs
South Africa's logistics cost model measures logistics costs for disaggregated freight flows, as received from the FDM (Havenga 2010) . Four direct cost components are calculated, that is, inland transport costs, inventory carrying costs, storage costs, and management and administration costs.
Inland transport costs are calculated as a mode-dependent (rail, road, pipeline) cost per tonne-km. Using actual tariff data for rail and pipelines and a highly detailed road tariff model, the cost per tonne-km is unique for each commodity travelling on each origin-destination pair. The different cost elements of road transport are determined by vehicle type; vehicle types, in turn, are determined by the commodity type, typology and route of travel. The commodity's 'preferred' vehicle type will change with changes in each of these variables. Once the vehicle type and volume are known, the cost elements can be assigned. The core drivers of transport costs, that is, weight in tonnes and distance travelled, form the basis of the approach. Inventory carrying costs take into account the repo rate (the central bank's interest rate) and the average time each commodity is kept in storage. This cost per tonne is unique for each commodity, but is independent of origin-destination pairs. Warehousing costs include all costs associated with keeping a commodity in storage. This includes rental costs, equipment costs, direct labour costs and insurance. It is calculated per tonne, taking into account the average time in storage and the cost per tonne for storage for a specific commodity. The storage cost depends on the packaging type and density of the product. This cost per tonne is unique for each commodity, but is independent of origin-destination pairs. Management and administration costs is cost per tonne, which takes into account the cost of indirect labour, administration and other indirect costs.
An externality cost extension to the logistics costs model was developed to quantify all non-charged costs, which include emissions, accidents, congestion, policing, noise pollution and land use (Havenga 2015) .
However, the ultimate goal is to understand the drivers behind these cost elements and the relationship between them on a flow level. This will be showcased through describing the overarching outputs of the model and identifying macrologistics improvement opportunities for South Africa, followed by specific applications of the models to unlock the identified opportunities.
The original cost model was developed for logistics within the borders of the country and therefore stopped at the quay wall. This has since been extended to include port costs as well as the maritime transport leg up to or from foreign ports for South African trade (Havenga, Simpson & GoedhalsGerber 2017) .
Results
South Africa's macrologistics status quo 1
South Africa is still one of only three countries that consistently measure and publish logistics costs on a national level, the other two being the United States and Finland (Rantasila & Ojala 2015) . South Africa's logistics costs totalled R429 billion in 2014, equating to 11.2% of the GDP, compared to North America's 8.6% and Europe's 9.2% in 2014 (Armstrong & Associates, Inc. 2016). It has been proposed to relate logistics costs to only the primary and secondary sectors of the economy as well, by researchers such as Weng and Du (2015) . Logistics costs amount to 51.5% of the primary and secondary sectors of the GDP (Havenga, Simpson & De Bod 2012) , which will, in addition to reducing direct logistics costs, also reduce externalities (refer to the section on applications).
The instrumentation of macrologistics has enabled South Africa to identify the following macrologistics challenges:
• The country's logistics costs, as a percentage of GDP and transportable GDP, exceed that of key trading partners.
• The contribution of transport costs to total logistics costs is significant. • The modal balance on dense, long-distance corridors is untenable.
• The contribution of road transport to general freight transport costs and externality costs is not sustainable.
Various reasons exist for these challenges and some are being addressed through various interventions, albeit often unsuccessfully. Gunasekaran, Patel and McGaughey (2004) strongly emphasise measurement because the role thereof in 'the success of an organisation cannot be overstated because they affect strategic, tactical and operational planning and control'. It can therefore be postulated that these challenges can be better managed by macrologistics measurement and macrologistics management attention.
Discussion South Africa's macrologistics improvement opportunities
In order to address South Africa's macrologistics challenges, logistics is considered from both a demand-side and a supply-side perspective, that is, how much logistics does the South African economy need, relative to the country's GDP output (demand-side), and how effectively is this provided (supply-side)?
South Africa's logistics demand is disproportionate to the size of the economy. The world requires, for example, about 32 trillion surface freight tonne/km (road and rail) (International Transport Forum 2017) to generate $75 trillion of GDP (World Bank 2017), that is, approximately $2.40 return for every tonne/km provided. The South African GDP amounts to $317bn (World Bank 2017), requiring 379bn surface freight tonne/km, that is, the return is less than $1.00 for every tonne/km provided. South Africa's tonne/km demand is therefore almost three times less competitive than the world average. That is an extraordinary backlog from the outset.
One of the reasons for this is that South Africa is a spatially challenged country. The country has a relatively small economy in relation to a large land mass, with both commodities and production centres far from ports and coastal demand areas (as a result of the location of mining deposits and resulting developments in close proximity). Although passenger transport is outside the scope of logistics, the geographical disparity highlighted in this research, which leads to an inordinate transport demand, will also affect passenger transportation. Even though South Africa's GDP is an insignificant 0.4% of the world economy, the air route between Johannesburg and Cape Town is the 10th busiest air route in the world (Statista 2018; Worldatlas 2017) . This is just one indicator of a passenger transport system with a high demand, and massive funding and complex policy issues (Walters 2013 ).
There are two further challenges on the demand-side. Firstly, the reliance on bulk exports increases the pressure on logistics infrastructure at low returns. This speaks to the need for increased beneficiation (while not negating the importance of service delivery in bulk exports). Secondly, the proliferation of product choice impacts logistics costs through higher inventory levels and transport costs.
On the supply-side of logistics, the country faces a number of challenges. One is the modal imbalance alluded to earlier, where the majority of high-volume, long-distance traffic ideally suited to rail is delivered via road, with significant direct and externality cost implications. The extent of the road freight demand gave rise to a concentrated logistics service provider industry, with the top seven companies owning close to half of the country's outsourced fleet. (On a positive note, the efficiency of these service providers is a large part of the reason that South Africa outperforms all its partners in the BRICS alliance, i.e. Brazil, Russia, India and China, in the global LPI.)
The road freight transport industry also has an ongoing efficiency drive, focused on improving efficiencies in equipment, driver behaviour, scheduling and planning in order to eliminate empty haul and improve load factors. As part of these initiatives, the Road Transport Management System (RTMS) was launched in 2003 in an attempt to selfregulate South Africa's road freight transport sector (Collings 2009 ). There have been successes in this regard, such as RTMScertified organisations reporting a reduction in the number of accidents of between 40.0% and 66.0% over a 5-year period, translating into a decrease in the cost of accidents from 5.0% of revenue to 1.3% of revenue. These results are indicative of what can be achieved; however, substantial efforts are required to raise awareness for increased certification and compliance (Nordengen & Naidoo 2014) .
However, the hinterland challenges of high road transport market share remain, partly evidenced through a failing rural road system. The latter is also attributable to the ineffective policy environment, which hampers not only investment in rural road infrastructure but also the revival of rail branch lines.
The policy challenges are pervasive in the freight transport sector. There is a significant gap between the visionary policies developed by the Department of Transport (DoT) over the past two decades and the implementation of those policies. This is evidenced by the persistent macrologistics challenges reported earlier. The essential role of a national government in addressing these macroeconomic challenges is highlighted by successes in, for example, the United Kingdom and Sweden (UNCTAD 2014). One of the key impediments hampering the DoT in executing this role is fragmentation -fragmentation of accountability, of the strategic process (focusing mainly on policy development and not implementation) and of infrastructure investments (through, e.g. various Transnet entities, SANRAL and provinces). The DoT is working on some disparate measures, mainly because of public pressure, such as reducing axle loads on rural roads and banning trucks in peak hours. While the effect of these measures can be estimated with the aid of the models described in this article, the DoT is poorly capacitated to move this forward strategically.
Despite these challenges, significant infrastructure investments in ports, pipelines, railways and long-distance national roads are ongoing. The key here is to ensure that these investment initiatives are aligned with a national strategic vision for South Africa's freight logistics industry to support sustainable economic development. The purpose of the research presented here is, inter alia, to aid the development, endorsement and implementation of such a vision.
The instrumentation of macrologistics Illustrative examples of developing instruments that could lead to solutions for policy and infrastructure prioritisation
The systemic view provided by the macrologistics instrumentation defined in this article has already enabled specific macrologistics application successes in South Africa, as described below:
• More than half of South Africa's potential intermodal freight moves on the country's two most dense freight corridors. Building three intermodal terminals to connect the three major industrial hubs -Gauteng, Durban and Cape Town -could enable a modal shift to rail, increasing rail densities and thereby reducing logistics costs (including externalities) for the identified intermodal freight flows on these two corridors by two-thirds (Havenga et al. 2012) . Policy implementation challenges are hampering successes in this regard.
• Transport externalities add an additional 18% to the already high transport costs. Scenarios indicate that increased returns to rail density as a result of a modal shift could result in a lower total national freight bill, despite the internalisation of all externality costs (Havenga 2015; ).
• Research outputs illustrate the advantages of supply chain coordination and the elimination of trade barriers. Reducing delays at South Africa's two major inland border posts could reduce the costs related to these delays by 55%, as a result of reduced buffer stock required at the destination site, reduced costs of carrying inventory and reduced vehicle utilisation losses (Havenga, Van Eeden & Pienaar 2013) . Havenga et al. (2017) show that, for international trade, trade documentation costs and induced transport costs because of truck and ship standing times are approximately equal to direct port charges. These costs are at least in part avoidable and can be addressed through improved port efficiencies and collaboration between the ports, industry and the South African Revenue Service.
• The freight-flow model is a key input to inform Transnet's infrastructure investments in rail, ports and pipelines in this century, estimated at R500bn, until 2027 (Njobeni 2016 ).
• Detailed spatial data analysis points to opportunities for a revival of rail branch lines, which will reduce transport costs and externality charges in rural areas and increase equitable access to the core transport network. The research also expounds the single-network characteristic of South Africa's railroad, based on density requirements and relative to the size of the network (Simpson & Havenga 2010 ).
• In future, the analysis could play a more definitive role in supporting beneficiation projects in South Africa. The extent of the output data has enabled the development of specific beneficiation scenarios, such as building another petroleum-from-coal conversion plant, increasing steel and automotive production, increasing gas production, investigating new metal beneficiation options and demonstrating the logistics benefits of these initiatives. However, given the current presence of powerful lobbies in the country's political and economic spheres, these initiatives have not yet found traction.
In 2016, the macrologistics instrumentation defined in this article was expanded to India (a project funded by the World Bank). The results have already informed two major infrastructure investments and serves to corroborate the value of a macrologistics perspective. Firstly, the development of a freight village and extended gate for Kolkata port at Balaghar, as part of an integrated corridor design on the Delhi-Kolkata corridor, one of the densest freight corridors in the world. This will decongest cities and highways through the redirection of freight, and serves as a case study to inform integrated corridor design in the rest of India. Initial indications are that logistics costs on the corridor can be halved . Secondly, in Varanasi, the model results illustrated that a freight terminal currently being established could capture 39m tonnes of intermodal freight rather than a meagre 1m tonne (Dash 2017 ).
The next section summarises exciting trends within the supply chain discipline. The potential economic, environmental and social impacts of these trends underscore the importance of the formalisation of macrologistics as a macroeconomic field in its own right.
The future of logistics
An important extension in the logistics discipline could be the solidification of the theory and instrumentation of macrologistics to assist society on a macroeconomic level to make better choices for improved economic, environmental and social outcomes.
Supply-side developments
Supply-side changes will see a relentless drive towards more efficient modes and equipment. Road freight optimisation is continuing unabated (Seitz, Beuttenmüller & Terzidis 2015) , but will see a major shift from continuous improvements to disruptive technologies such as driverless trucks and drone delivery (Connolly & Coughlin 2017; Van Meldert & De Boeck 2016) , which could reduce logistics costs relative to GDP.
Eventually, the physical Internet could lead to new advances and a new way of tackling large-scale logistics issues. This development, according to Montreuil (2011) , is likely because of the fact that it is unsustainable (economically, environmentally and socially) to continue with the current approaches to logistics. The physical Internet is a new concept aiming to redesign the current global logistics system to improve its economic, environmental and social efficiency and sustainability outcomes. The physical Internet will unitise shipments into globally standardised 'packets', just as the electronic Internet does with information, and find faceless, driverless, automatic routes through portals, similar to the services provided by Internet service providers. Beyond the portal, the packet will unitise with others and optimise routes automatically to a final destination, using a combination of efficient routes and technologies, such as hyperloops. The core enabler of the physical Internet is the use of modular 'black-box' containers, that is, goods themselves that are only handled at the original point of supply and the final point of distribution (Crainic & Montreuil 2016) .
In summary, the world might see 'hyperefficiency' in the provision of logistics from both a component and systemic viewpoint. The components of logistics such as vehicles, warehouses and logistics infrastructure are experiencing many continuous improvements, but new technologies such as energy efficiencies, sustainability, driverless trucks, drone delivery and 3D (3-dimentional) printing should lead to major advances. Systemically new integrated delivery systems such as the physical Internet could change the way in which we facilitate storage and delivery.
Demand-side developments
On the demand-side of logistics, first and foremost, the world has to learn about less: less conspicuous consumption, less eating out of season, less choice, less waste. The carbon footprint and waste associated with rampant consumerism are not sustainable. Consumption should focus on seasonal produce, procured as close as possible to the source of production -called the war on choice and the war on globalisation, which might gather steam.
Nash-Hoff (2016) refers to over 300 case studies of companies in the United States that have reshored parts of their business between 2010 and 2016, amounting to 100 000 manufacturing jobs returning to the United States. The Reshoring Initiative (cited in Nash-Hoff 2016), an organisation promoting the benefit of reshoring for companies in the United States, estimates that a quarter of offshored manufacturing would return to the United States if the total cost of ownership is used in supply chain calculations. Caterpillar, General Electric, Ford, Apple, Coleman and Master Lock all shifted some manufacturing operations back to the United States (Moneynews 2013; Plumer 2013) . Gärtner (2012) cites some European examples. The key driving forces for these reshoring initiatives are cited to be increasing wages in China, higher international transport costs and quality challenges. Proximity to markets also allows responsiveness to local needs, while the utilisation of available local production capacity is favoured in a challenging global economic environment. Other developments that will reduce the demand for logistics are recycling at source and additive manufacturing (or 3D printing) (Attaran 2017 ).
In future, as a result of these demand-side factors, a decoupling of logistics and GDP is expected, that is, the relationship between GDP and logistics might become more tenuous and the input of logistics in creating GDP should naturally decline. Klaus (2009) conducted an analysis of the relationship between logistics spending and GDP. He confirmed the role of specialisation, that is, as economies grow, specialisation increases, time and place disparity worsens and logistics spending increases. However, he did find an indication of maturity in highly developed countries where the role of logistics as a facilitator of growth might decline. Klaus observed that global integration is reaching a limit for these economies and predicts stagnation, or even decline, in the role of logistics, as the need for industrial distribution activities will not grow further. The 'march' of material logistics may come to a halt (Klaus 2009 In summary, logistics, systemically, satisfies human consumption needs, but other than energy, water and other natural resources, a focus to reduce the demand for logistics is not always apparent. This might also be because of a lack of macrologistics perspective. The world needs to rethink global trade, hyperspecialisation, waste and choice and the effect that it has on the demand for logistics, and change behaviours that could lead to the reduction of the demand for logistics.
This leads to the question about the success of GDP as a measure of well-being as, even in the logistics discipline, the performance of logistics on a national level is expressed in relation to GDP.
Intrinsic questions about gross domestic product
The balanced view of sustainable development first proposed by the World Commission on Environment and Development (United Nations 1987) has been generally accepted as a valid construct. This view calls for an equal balance between economic growth, social development and environmental protection. Sustainable Aotearoa New Zealand (2009) (a national sustainability research organisation) questions the balanced version of this 'triple bottom line' model. The organisation laments the fact that GDP growth still receives priority and proposes the 'strong' model where GDP growth is seen to be less important than environmental protection and social development. In fact, GDP growth as such is called into question.
The concerns relating to an unchecked global economic growth paradigm were reintroduced into contemporary debate in the early 1970s by the global think tank the Club of Rome (Meadows et al. 1972) . They modelled the quantitative restraints on exponential growth, concluding that a business-as-usual growth model would lead to environmental and subsequent economic collapse within a century. Despite criticisms, the model held up well to actual data between 1970 and 2000, confirming the necessity of an inversion in consumptive behaviour to within planetary limits (Turner 2008) . In this century, the convergence of a number of factors, pertinently natural resource depletion, ecological instability and systemic financial and monetary failures, confirmed this view (Guttal 2012; Heinberg 2011 ). Demaria et al. (2013:209) define degrowth as 'a democratically led redistributive downscaling of production and consumption in industrialised countries as a means to achieve environmental sustainability, social justice and wellbeing'. Daly and Posner (2011) summarised the 'case against GDP' in terms of the three pillars of sustainability. In growth terms, GDP does not distinguish between speculative gains and real economic value and does not measure non-market activities that contribute to growth. In social terms, GDP does not measure growth distribution at a household level; it measures quantity and not quality and does not distinguish between 'positive' welfare spending and 'defensive' spending. Social well-being indicators such as poverty, literacy and life expectancy are mostly excluded, while sustainability issues are also largely ignored.
Alternative indicators such as the 'genuine progress indicator' (GPI) have been proposed. Gross domestic product measures current production, while the GPI aims to measure the economic welfare generated by economic activity, essentially 'counting the depreciation of community capital as an economic cost' (Kubiszewski et al. 2013:57) . The Gini coefficient that exists should be used more as a wellbeing index, but even though Barro's research (1999) proved that inequality in developing countries retards growth, inequality is seldom considered in growth measurements for any country. These developments will be followed with keen interest to inform advancements in the macrologistics definition and instrumentation described in this article.
Conclusion
The primary objective of this article is to further the development of the emerging field of macrologistics through its formal definition and the development of a quantification construct for macrologistics to support macroeconomic trade-off analysis. The secondary objective is to continuously illustrate the feasibility of the instrumentation outputs in addressing national-level logistics challenges.
The aggregate outputs of the instrumentation construct improve the understanding of the freight-flow landscape and enable informed debate and prioritisation analysis. Results show that South Africa's macrologistics challenges persist and this could be for various reasons. It could be that the instrumentation of macrologistics, which was illustrated in this research, could make a contribution to providing a more macrologistics management attention approach. The intention of this work is to support the macroeconomic formalisation of logistics to assist with the resolution of these challenges. Other initiatives flow from this:
• To work with industry and government to aid the development of systemic and critical thinking skills at high school level in order to create the skills required for macrologistics management.
• To continue endeavours to include a systemic view of freight logistics -that is, macrologistics -in the development indicators of the South African Government.
• The instrumentation of macrologistics (in terms of freightflow modelling) has already been expanded to all 17 countries of sub-Saharan Africa. The intent is to, in the near future, apply the model outputs to solve some of the country-level macrologistics challenges in sub-Saharan Africa, as has been done in India.
